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Purpose: The relationship between unhealthy body mass index (BMI) and adherence to 
  orthodontic treatment with removable appliances has not previously been evaluated.
Objective: The aim of this study was to quantify the association between BMI and wear time of 
removable orthodontic appliances and to evaluate BMI changes during orthodontic treatment.
Patients and methods: Fifty-three normal-weight and 39 overweight/obese children and 
adolescents (7–15 years old) undergoing orthodontic treatment with removable appliances 
were enrolled into the study. BMI categories were determined using standardized age-specific 
and sex-specific BMI criteria, using data measured at the beginning of therapy and once dur-
ing orthodontic treatment. Wear times of removable appliances were measured at 15-minute 
intervals over a period of 5 months using implanted microelectronic sensors. Median wear-time 
values were used in the analysis with the Mann–Whitney U-test used to test statistical differ-
ences between groups. 
Results: The median wear time of removable orthodontic appliances was 9.3 hours for normal-
weight patients and 9.2 hours for overweight/obese patients. No statistically significant (P0.05) 
or clinically relevant differences in usage or adherence were detected between normal-weight 
and overweight/obese patients. BMI did not influence wear time or behavior of removable 
orthodontic appliances by young patients. The majority of patients showed qualitative decreases 
in BMI during therapy. 
Conclusion: The orthodontic treatment of young patients with removable devices does not 
require BMI-dependent changes in the treatment strategy. However, the use of removable 
appliances during meal times raises the possibility of reducing food intake, and in this way the 
orthodontist may have an active role to play in weight reduction.
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Introduction
The World Health Organization classifies childhood obesity as one of the most 
serious public health challenges of the 21st century.1 Obese children are at risk of 
developing various diseases,2–7 including type 2 diabetes mellitus8 and cardiovascular 
and gastrointestinal disorders.9 In addition, obstructive sleep apnea syndrome,10,11 
social exclusion, and depression are common in obese patients.12–14 From a dentist’s 
perspective, obese children and adolescents appear to exhibit more carious lesions 
and cavities,15–20 although these findings are disputed.21 Other studies in adolescents 
have shown associations between obesity and periodontal risk indicators that – in the   
long-term – may lead to oral morbidity.22,23
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Recognizing that differences exist between obese and 
normal-weight orthodontic patients is gaining recognition as 
an important research theme.24 The influence of obesity on the 
treatment of orthodontic patients has not been well evaluated, 
and there is a pressing need for more research in this area as 
the number of obese patients requiring orthodontic treatment 
continues to grow. There are several reasons why orthodontic 
therapy might be affected by obesity:25 pubertal development 
is altered by the hormonal changes associated with obesity; 
and bone metabolism might differ in obese patients, leading 
to growth and developmental changes or tooth movement. In 
addition, there are recognized psychiatric and psychological 
issues associated with obesity in adolescence that can affect 
adherence to the therapy protocol. 
An initial study that investigated the correlation between 
body mass index (BMI) and orthodontic treatment outcomes 
during treatment with multibracket appliances concluded that 
the group of children with higher BMIs did not cooperate as 
well as normal-weight peers; however, the treatment outcome 
was similar between the two groups.26 There is little evidence 
on whether adherence to treatment plans by obese patients 
fundamentally differs from normal-weight patients and, 
therefore, needs to be considered in their management. 
The success of orthodontic treatment with removable 
devices is dependent on regular wearing of the device at 
the prescribed times, but accurately measuring adherence 
has, until recently, been a challenge. We therefore used 
temperature-sensitive microsensors (TheraMon® System; 
Handelsagentur Gschladt, Binderberg, Austria) incorporated 
into the removable appliances by polymerization to measure 
wear times of upper jaw and functional (jumping-the-bite) 
appliances in both normal-weight and overweight/obese 
patients over a period of several months.
The purpose of this study was to identify differences in 
usage behavior that would justify modifying treatment plans 
for different groups of patients. In addition, since the extent 
to which the BMI of young obese patients changes during 
the course of orthodontic treatment has not been studied, the 
BMI of patients was also qualitatively evaluated.
Materials and methods
Subjects
The study population consisted of patients who visited a pri-
vate German orthodontic practice from December 2010–July 
2012. The inclusion criteria were: aged from 7–15 years; 
not suffering from any previous illnesses; indication for 
orthodontic therapy with removable upper jaw active plates 
or functional (jumping-the-bite) appliances; and integration 
of an electronic microelectronic sensor into the orthodontist 
appliance. The recorded median wear times had to be more 
than 2 hours per day throughout the first 5 months of treat-
ment as a minimum value for “adherence”. All patients and 
guardians received detailed information about the purpose 
of the study and provided written informed consent prior to 
enrollment in the study. Permission was granted to use micro-
electronic, built-in sensors as part of the treatment, and the 
study was conducted in accordance with the ethical standards 
of the responsible institutional committee of the University of 
Tübingen, Germany (Registration number 339/2012B01).
Measurements
Body height (in meters) was measured to the nearest 0.1 cm, 
without shoes, using a portable stadiometer with the head 
in the Frankfurt plane. The body weight (in kilograms) 
with light clothing was recorded to the nearest 0.1 kg on 
a calibrated digital scale during the appointment when the 
orthodontic appliance was fitted. BMI was calculated as 
  weight/(height × height) in kg/m²,   (1)
and individual BMI percentiles were derived according to 
age and sex. For descriptive purposes, children were cat-
egorized as being of normal weight, overweight, and obese 
at the start of treatment using cutoffs established by the 
Arbeitsgruppe Adipositas im Kindes – und Jugendalter for 
children and adolescents in Germany27 and according to the 
recommendations of the International Obesity Task Force28 
(Tables 1 and 2). For patients aged 2–19 years, overweight 
was classified as BMI percentiles 90 and 97, obese 97 
and 99.5, and severely obese as 99.5.27 The BMI standard 
deviation scores were calculated based on the LMS method.29   
During the course of treatment, BMIs were determined 
again either in the first, second, or third year of therapy, and 
the period between the first and second measurement was 
calculated in months.
Removable orthodontist appliances, 
recording of wear times, and wear-time 
adherence
Forty-two patients were treated with removable upper jaw 
active plates (A) and 53 patients with jumping-the-bite 
appliances (B). 
The commercially available microelectronic TheraMon®   
Sensor (Handelsagentur Gschladt) was fitted into the appli-
ances, as previously described.30 The microsensors are 
designed to run over a period of over 700 days. Throughout 
the period of therapy, the sensors measured the intraoral 
temperature at 15-minute intervals. Stored temperature   values Patient Preference and Adherence 2014:8 submit your manuscript | www.dovepress.com
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Table 1 Demographics and wear times of overweight (defined by BMI percentile 90–96) children and adolescents undergoing 
orthodontic therapy
Patient  
number
Sex Age  
in years
BMI  
percentile
SDSLMS Treatment  
appliance type
Daily wear  
time in hours
Overweight
1 M 10.6 90.3 1.30 A 9.4
2 M 11.9 90.3 1.30 B 11.1
3 M 8.3 91 1.37 A 11.1
4 F 10.9 92 1.39 B 2.1
5 M 12.1 91.9 1.40 B 9.0
6 M 15.7 91.9 1.40 A 10.6
7 M 9.1 91.9 1.40 A 8.8
8 M 8.8 94 1.48 A 11.5
9 F 15.3 95.3 1.50 A 2.5
10 M 8.10 93.3 1.50 B 9.1
11 F 7.9 93.3 1.50 A 9.6
12 F 9.8 93.3 1.50 B 8.4
13 F 10.5 93 1.50 A 8.6
14 F 10.6 94 1.53 A 9.3
15 M 10.2 94 1.55 A 13.5
16 M 8.6 94 1.58 A 9.1
17 F 9.9 95 1.63 A 9.2
18 F 8.9 95 1.66 B 9.3
19 F 10.2 95 1.66 B 10.6
20 F 7.9 95.5 1.70 A 13.3
21 M 13.11 96.4 1.80 A 7.9
Mean 10.6 Median 9.3
Note: Wear time was microelectronically documented during 5 months of treatment.
Abbreviations: BMI, body mass index; SDS, standard deviation score; M, male; A, upper jaw active plates; B, jumping-the-bite appliances; F, female.
Table 2 Demographics and wear times of obese (BMI percentile 9799.5) and severely obese (99.5) (defined by BMI percentile) 
children and adolescents undergoing orthodontic therapy 
Patient  
number
Sex Age  
in years
BMI  
percentile
SDSLMS Treatment  
appliance type
Daily wear  
time in hours
Obese
22 M 9.4 97 1.82 A 12.0
23 F 12.7 97 1.84 B 7.7
24 F 11.4 97 1.89 B 10.3
25 M 13.8 97 1.91 B 7.7
26 F 8.1 97 1.96 A 6.4
27 M 11.9 97.7 2.00 B 9.5
28 M 8.0 97.7 2.00 B 10.1
29 F 15.7 98 2.02 B 6.0
30 M 14.4 98 2.07 B 8.0
31 M 12.6 98.9 2.30 B 8.6
32 M 11.3 99 2.19 B 5.6
Mean 11.9 Median 8.0
Severely obese
33 M 11.7 99.5 2.38 B 8.4
34 M 13.9 99.5 2.47 A 6.0
35 M 15.1 99.5 2.67 B 7.8
36 M 15.9 99.5 2.75 B 7.5
37 F 11.2 99.5 2.90 B 9.2
38 M 8.4 99.5 2.94 A 11.3
39 M 10.11 99.5 2.90 B 14.6
Mean 12.9 Median 8.4
Note: Wear time was microelectronically documented during 5 months of treatment.
Abbreviations: BMI, body mass index; SDS, standard deviation score; M, male; A, removable orthodontic plates; F, female; B, functional appliances.Patient Preference and Adherence 2014:8 submit your manuscript | www.dovepress.com
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were transferred electronically to the analysis computer 
and software and converted into wear-time or nonwear-
time parameters (TheraMon® software, version 2.1.0.13;   
Handelsagentur Gschladt).31,32 At every check-up appoint-
ment, these data were collected from the device and displayed 
as wear-time graphs for easy visualization and analysis of 
the prescribed wear time, the median wear time over the 
evaluation period, and the daily wear time.
Several recent studies have shown that the majority of 
young or adolescent patients do not adhere to the prescribed 
standard wear times of 12–15 hours/day. However, there is 
empirical evidence to suggest that treatment with removable 
devices worn for about 9 hours/day is likely to be successful 
and practical, with several reports of achievable median wear 
times of 8–9 hours/day (9.0 hours/day,33 9.0 hours/day,34   
8.3 hours/day,35 and 8.1 hours/day36). A median wear time 
of 9 hours/day is known to be influenced by sex, age, and 
place of treatment, but not by the type of device.33 Wear 
times of 9 hours/day are likely to risk treatment efficacy, 
and successful tooth realignment is thought to occur when 
pressures act for 6 or more hours a day;37 patients were 
therefore defined as “at risk” when they had median wear 
times of 7 hours/day.
Statistical methods
A sample size calculation was performed using the   
R Project for Statistical Software package, version 2.15.0 
(R Foundation for Statistical Computing, Vienna, Austria)   
(www.r-project.org). For a power of 80%, significance level 
of 0.05, and to detect clinically meaningful differences in 
wear time (which means 8 hours or the prescribed time of 
11 hours), 55 patients were enrolled in the normal-weight 
study group and 39 in the overweight/obese study group 
(BMI percentile 90).
All other data were analyzed using SPSS software (IBM 
SPSS Statistics, release 20.0; IBM Corporation, Armonk, 
NY, USA). The analyzed variables were median wear 
times for each patient. The distribution of variables was 
examined with histograms and using the Shapiro–Wilk test. 
The data were not normally distributed; we therefore used 
the Mann–Whitney U-test to compare wear times between 
normal-weight and overweight/obese patient groups. The 
level of significance was set at 0.05.
Results
Sample description
Twenty-three percent of a total of 167 patients assessed over 
the treatment period were overweight/obese. Due to the 
sample size calculation, the wear times of the first 55 patients 
with normal weight and all 40 overweight/obese patients 
were considered. Two normal-weight patients and one obese 
patient did not fulfill the inclusion criteria, as their treatment 
was cancelled due to lack of adherence. Fifty-three normal-
weight patients (32 males and 21 females) and 39 overweight/
obese patients (24 males and 15 females) were included. 
On average, normal-weight patients had BMI percentiles of 
55.1 and were from 7.9–15.9 years old (mean: 11.2 years 
[standard deviation {SD}: 2.2 years]). Overweight/obese 
patients were on average 11.2 years (SD: 2.6 years) old. The 
distribution of the devices in the normal-weight group was: 
appliance (A), number (n)=24; and appliance (B), n=32. The 
distribution of the devices in the overweight/obese group is 
shown in Tables 1 and 2. 
Wear-time measurements
The recording of wear times took place over a 5-month treat-
ment period. Normal-weight patients wore the appliances 
from 2.6–17.0 hours per day, representing a median daily 
wear time of 9.3 hours. Overweight/obese patients (Tables 1 
and 2), which included 21 overweight, eleven obese, and 
seven severely obese patients, wore the appliances from   
2.1–14.6 hours per day, representing a median daily wear time 
of 9.2 hours; this was not significantly different (P0.05). 
The median daily wear time of ~9 hours was similar to that 
previously reported,38 and as described previously. Nine 
out of 53 (17.0%) normal-weight patients and 12 out of 39 
(30.7%) overweight/obese patients wore their appliances for 
a median of over 10 hours a day.
The median wear time of overweight patients (Table 1) 
was 9.3 hours – 8.0 hours in obese patients, and 8.4 hours 
in severely obese patients. Two patients in the overweight 
group, three in the obese group, and one in the severely obese 
group were “at risk” candidates with daily wear times from 
2.1–6.4 hours/day. There were no clinically or significantly 
relevant differences (P0.05) in the overall treatment period 
and median daily wear times between groups. Median wear 
times were lower if patients did not wear their appliances 
at all on some days. However, wear times of over 10 hours 
can occur from regular, but variable, daily usage. Previous 
detailed analysis using the TheraMon® software has shown 
that appliances are mainly worn at night and only sporadi-
cally during the day.39 
A second BMI evaluation was carried out 6–36 months 
after the initiation of therapy, which revealed a reduction in 
BMI in the majority of overweight/obese patients. Only five 
of 39 patients had a static or increased BMI over the course Patient Preference and Adherence 2014:8 submit your manuscript | www.dovepress.com
Dovepress 
Dovepress
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of treatment (Figures 1 and 2); these BMI changes were not 
associated with wear time. Comparable reductions in BMI 
were observed in some patients after 1 year and in others 
only after 3 years. In 17 of 21 overweight patients (BMI 
percentile: 90–96) (Figure 1), significantly lower BMI values 
in the 42–93 range were measured during the second evalua-
tion, with two patients even achieving a BMI percentile 50 
during the treatment period after 17 months and 35 months, 
respectively. A slight increase in BMI was detected in only 
four overweight patients. During therapy, nine patients were 
reclassified from obese to overweight. Two patients had 
stable or slightly increased BMI values. In two out of seven 
severely obese (BMI percentile 99.5) patients, the initial 
values dropped to 86 in the second measurement – the first 
after 6 months and the second after 30 months. 
Discussion
In this paper, we evaluated whether overweight or obese 
patients exhibit differences in wear-time adherence and 
behavior to normal-weight patients wearing removable 
orthodontic appliances using sophisticated and objective 
electronic wear-time monitoring. 
The microelectronically measured median wear times of 
obese and nonobese young orthodontic patients were nearly 
identical. Several previously identified parameters, such as 
age and sex, are likely to influence the wear-time adherence 
of both weight groups in a comparable manner.33 Of clinical 
relevance for treatment with removable devices, the majority 
of obese patients achieve the median wear time and adherence 
levels and, therefore, do not need to be treated differently to 
nonobese patients.
Our study not only quantifies the median wear time, but 
also the associated wear behavior. The majority of these 
young patients showed discontinuous wear behavior,39 the 
typical pattern being to not wear the device on some days 
and then trying to compensate for this by wearing the device 
more on other days. Overall, this discontinuous wear behav-
ior resulted in a low median wear time, and remotivating 
the patient during consultations can persistently reduce the 
number of zero wear-time days over the course of subsequent 
therapy. 
It is difficult to predict how an individual appliance 
transfers forces to the dental alveolar complex and, therefore, 
exactly how wear times and behavior relate to treatment 
progress. However, the orthodontist can assess treatment 
progress at check-up appointments and assess prognoses 
for patients with removal appliances based on the evaluated 
adherence. Based on our practical experience, patients who 
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wear their appliances for less than a median of 3 hours per 
day during the first few months of treatment have an overall 
negative prognosis. Based on the monitoring data, patients 
can be encouraged to wear their devices, and individual 
circumstances can be taken into account for potential modi-
fication to management. This results in individual wear-time 
recommendations, which may increase acceptability and 
adherence from the patient perspective. 
The printable wear-time graph allows the patient and 
orthodontist to easily visualize adherence over the treat-
ment period and, consequently, the orthodontist can adapt 
the wear-time prescription to the personal circumstances 
and needs of the patient. Involving patients in treatment 
decisions and empowering them to take responsibility for 
their own treatment success is an important component of 
maintaining high adherence. Several obesity-related fac-
tors, for example, sleep-disordered breathing,40 obstructive 
sleep apnea syndrome,6 psychosocial problems, and poor   
self-esteem,41 might also be expected to influence the wear-
time adherence of obese patients. However, we found no 
evidence of obesity-related health problems negatively 
influencing wear time. 
In earlier studies in which no wear-time documenta-
tion was used, a high percentage of patients treated with 
removable appliances lacked motivation.42,43 However, 
our longitudinal study using experimentally derived wear-
time documentation did not confirm this finding. All the 
known advantages of using integrated electronic wear-time 
documentation in removable devices compared to their 
permanent counterparts44 therefore fully apply, irrespective 
of the BMI of the patient. In this study, since wear-time 
adherence was only evaluated over a limited period during 
full active treatment, the relationship between adherence 
and treatment success could not be evaluated. In general, 
therapeutic success is not only dependent upon the appli-
ance, but also on other factors, including the individual 
reaction of the dental–alveolar complex and an efficient 
treatment plan. 
Many orthodontic patients hope to improve their appear-
ance as well as correct malocclusion.45 It might therefore 
follow that as part of a general desire to improve, overweight/
obese patients also strive to lose weight over the course of 
orthodontic therapy. Regardless of this, it is expected that 
young orthodontic patients will lose weight over the course of 
orthodontic treatment due to their developmental and growth 
phase. The BMI of overweight/obese patients clearly fell in 
the majority of patients during therapy with removable appli-
ances. It is possible that orthodontic therapy with removable 
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appliances positively influenced a reduction in BMI; unfortu-
nately, a relationship between the wear-time period, therapy 
time, and the BMI change could not be examined in this 
qualitative study. Due to the very heterogeneous nature of 
changes in BMI during the course of orthodontic treatment, 
it is likely that these changes were more significantly influ-
enced by personal and individual conditions and less by the 
orthodontic treatment per se. For example, it is well known 
that in adolescents, development-related changes in growth, 
diet, sports activities, and increasing fashion consciousness 
can affect BMI. Given the numerous individual parameters 
that influence BMI during this critical developmental phase, 
only a limited interpretation of the effect of orthodontic 
treatment on the BMI of obese patients is possible based 
on these data.
Overweight or obese patients who reduce their BMI over 
the course of treatment do not require additional intervention. 
In patients with static or rising BMI, therapeutic measures 
for weight loss need to be considered, of which orthodontic 
intervention might be part of the overall plan to reduce 
weight. In these cases, modification of each individual’s wear 
prescription might contribute to weight loss in the follow-
ing ways. In contrast to permanent multibracket appliances, 
removable oral appliances reduce the size/space of the oral 
cavity and, for this reason, patients do not wear most remov-
able appliances during meals. However, this reduced-space 
effect has been exploited as a patented removable dental 
approach for people with unhealthy BMIs, known as the 
DDS system.46 This tool is inserted into the upper palate 
and clipped onto the teeth, exactly the same as the upper 
jaw active orthodontic plate used in this study – the main 
difference being that the DDS system appliances have no 
orthodontic effect. A proof-of-concept study with the DDS 
appliance worn while eating showed that obese people 
wearing this appliance take smaller bites, slow their eating, 
and thus reduce food and calorific intake without affecting 
satiety and hunger;47 the same effect might also be expected 
if orthodontic patients were to use their removable appliance, 
such as active plates or most unimaxillar functional appli-
ances, during eating. Based on survey results, nearly 98% of 
children and adolescents from 2–18 years of age regularly 
snack over the course of the day;20 wearing the appliance 
during the day could therefore also reduce snacking outside 
regular mealtimes. One approach might be to prescribe 
all-day wearing to overweight/obese orthodontic patients 
and stress that the appliance should always be worn during 
eating. Patients with unhealthy BMIs who intend to lose 
weight might also be motivated by orthodontic treatment with 
removable appliances if physicians outline the rationale for 
weight loss. The discomfort caused by the appliance during 
eating might subconsciously reduce the incentive to eat. The 
wear-time graphs obtained at each follow-up visit provide 
information about patients’ adherence and indicate whether 
the appliance was worn during the day and during mealtimes. 
Based on this quantified information, the practitioner and 
the patient can collaborate to draw up an individualized,   
and thus more efficient, wear-time prescription. If needed, 
wear-time instructions can be adapted during therapy, 
according to changing circumstances.
Orthodontic therapy with removable appliances, there-
fore, opens up new opportunities for weight loss in obese 
patients. Whether, and how efficiently, the wearing of 
removable appliances during meals can help to reduce the 
BMIs of obese orthodontic patients needs to be quantified in 
a future study. Even orthodontic treatment with permanent 
multibracket appliances could be exploited for this purpose, 
since removable retention appliances are worn during the 
retention phase following every active treatment period. As 
recommended for general dentists by the American Acad-
emy of Pediatric Dentistry in its Policy on Dietary Recom-
mendations for Infants, Children, and Adolescents, it would 
be desirable for orthodontists to calculate BMIs prior to or 
during treatment to help intervene and stem the tide of child 
obesity.20,48,49 In cases of young patients with BMI percen-
tiles above 90, referral to pediatricians may be appropriate 
for further diagnosis and therapy. Wear times are monitored 
at check-up appointments, which take place approximately 
every 6–8 weeks over several years, and therefore consulta-
tion and encouragement during these sustained appointments 
by orthodontists may facilitate further weight loss in obese 
patients. Future studies need to be undertaken to examine 
to what extent overweight/obese patients take advantage of 
these actions and lose weight.
Conclusion
Wear times of patients with removable appliances are not 
negatively influenced by BMI, thus excluding BMI as a 
variable that needs to be considered when planning treatment 
with removable devices. 
Adherence to removable devices is not BMI-dependent. 
Wearing the removable devices during mealtimes might 
represent a simple new strategy for weight reduction by 
hindering food intake, either physically or psychologically. 
In this way, obese patients might be treated using remov-
able devices by combining orthodontic therapy and weight 
reduction strategies.Patient Preference and Adherence 2014:8 submit your manuscript | www.dovepress.com
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